Depending on a subject's attentional bias, robust changes in emotional perception occur when facial blends (different emotions expressed on upper/lower face) are presented tachistoscopically. If no instructions are given, subjects overwhelmingly identify the lower facial expression when blends are presented to either visual field. If asked to attend to the upper face, subjects overwhelmingly identify the upper facial expression in the left visual field but remain slightly biased to the lower facial expression in the right visual field. The current investigation sought to determine whether differences in initial saccadic targets could help explain the perceptual biases described above. Ten subjects were presented with full and blend facial expressions under different attentional conditions. No saccadic differences were found for left versus right visual field presentations or for full facial versus blend stimuli. When asked to identify the presented emotion, saccades were directed to the lower face. When asked to attend to the upper face, saccades were directed to the upper face. When asked to attend to the upper face and try to identify the emotion, saccades were directed to the upper face but to a lesser degree. Thus, saccadic behavior supports the concept that there are cognitive-attentional pre-attunements when subjects visually process facial expressions. However, these pre-attunements do not fully explain the perceptual superiority of the left visual field for identifying the upper facial expression when facial blends are presented tachistoscopically. Hence other perceptual factors must be in play, such as the phenomenon of virtual scanning.
Introduction
Analysis of facial expressions, as a means to infer hemispheric lateralization of emotional processing, has focused traditionally on differences in the degree of expressiveness between the right and left hemiface (Borod & Caron, 1980; Borod, Kent, Koff, Martin, & Alpert, 1988; Borod, Koff, & White, 1983; Campbell, 1978; Ekman, 1980; Ekman, Hager, & Friesen, 1981; Kowner, 1995; Rinn, 1984; Thompson, 1985) . A meta-analysis of sixteen published studies (Skinner & Mullen, 1991) concluded that the left hemiface was more expressive than the right hemiface for posed but not spontaneous emotions and for pleasant but not negative emotions. However, the average r 2 -value across the 16 studies was 0.036, explaining approximately 3.6% of the data variance, thus indicating a rather weak behavioral effect for inferring hemispheric modulation of emotional processing based on right-left asymmetry of facial expressions (Kowner, 1995; Ross, Prodan, & Monnot, 2007a; Ross, Reddy, Nair, Mikawa, & Prodan, 2007b; Skinner & Mullen, 1991; Thompson, 1985; Ross and Pulusu, 2013) .
In contrast, social psychologists have suggested that the modulation of facial expressions is organized predominantly across the upper-lower hemiface because of the phenomena of facial blends of emotions (Nummenmaa, 1964; Ekman & Friesen, 1975 , 1982 Ekman, Davidson, & Friesen, 1990; Ekman, Friesen, & O'Sullivan, 1988; Ekman, 1992; Larsen, McGraw, & Cacioppo, 2001 ; see far right panel in Fig. 1 ). Facial blends occur when two different emotions appear simultaneously on the upper and lower face.
Facial blends of emotion
Facial blends are related to social-types of emotions and the development of 'display rules' in young children that eventually provide adults with the cognitive ability to control their facial expressions for social and manipulative purposes. Primary emotions, such as anger, fear, surprise, disgust and joy are related to self-preservation and fight-flight behaviors (Buck, 1988; Izard, 1977) and their associated facial expressions are thought to be innate because they are recognized universally across different http://dx.doi.org/10.1016/j.visres.2016.07.012 0042-6989/Published by Elsevier Ltd.
cultures (Ekman & Friesen, 1975; Panksepp, 1998) . Social emotions, such as envy, jealousy, scorn, arrogance, pride and embarrassment, are acquired during early development through social interactions as part of the biological drive for attachment and to gain admiration, approval, acceptance or affection from others (Buck, 1988) . Social emotions are not associated with specific, hard-wired, types of facial expressions but rather with the phenomenon of display rules. As part of the socialization process, display rules are acquired early in childhood and enable individuals to eventually learn to cognitively control their primary emotional facial displays to make them socially acceptable (Ekman & Friesen, 1969; Lewis & Michalson, 1983; Malatesta & Kalnok, 1984) . The most common ploy is the ''false" lower face smile (Ekman, Friesen, & O'Sullivan, 1988; Ekman et al., 1990; Ekman & Friesen, 1975 , 1982 to enable approach behaviors. As humans become cognitively adept, they may also employ intensification (enhancing a felt emotional display), minimization (dampening a felt emotional display), neutralization (not displaying a facial emotion when experiencing a felt emotion), simulation (displaying a facial emotion that is not associated with a felt emotion), dissimulation (displaying a facial emotion that is different from a felt emotion) and qualification (facial blends of emotion) (Ekman, 2003; Ekman & Friesen, 1982) . Buck and Duffy (1980) studying patients with focal ischemic strokes have shown unequivocally that display rules are impaired by left but not right hemisphere lesions, consistent with the emotion-type hypothesis of lateralization that posits primary emotions and related displays are modulated predominantly by the right hemisphere whereas social emotions and related display rules are modulated predominantly by the left hemisphere (Ross, Homan, & Buck, 1994; Ross et al., 2007a) .
Based on the above observations by social psychologists, our laboratory has completed a series of research projects to explore the concept that the perception and expression of facial emotions in humans is organized primarily across the upper-lower hemiface and only secondarily across the right-left hemiface (Prodan, Orbelo, & Ross, 2007; Prodan, Orbelo, Testa, & Ross, 2001; Ross et al., 2007a Ross et al., , 2016 Ross, Shayya, Champlain, Monnot, & Prodan, 2013) . Using tachistoscopic presentations of facial blends of emotion to the right and left visual fields (RVF, LVF), Prodan et al. (2001) demonstrated that the LVF/right hemisphere preferentially identified the upper facial emotion when young adult subjects (20-61 years of age) were asked to attend to the upper face. In contrast, lower facial emotions were processed preferentially by both visual fields when no attentional instructions were given (Fig. 1 , black data points). The results were very robust explaining up to 64% of the data variance (Prodan et al., 2001; Ross et al., 2007a) . In a follow up study of elderly adults (65-78 years of age), the ability to identify the upper facial emotion, even when asked to attend to the upper face, is markedly muted (see Fig. 1 , gray data points; Prodan et al., 2007; Ross et al., 2007a) compared to young adults, especially for the LVF. The results were very robust with a linear multiple-regression analysis of the combined data from the young and elderly adults identifying three regressors that modeled age [F (3,52) = 54.8, P < 0.00001, R 2 -adjusted = 0.75], explaining approximately 75% of the data variance. These findings were interpreted as being consistent with the right-hemisphere cognitive aging hypothesis (Botwinik, 1977; Hochnadel & Kaplan, 1984; Prodan et al., 2007) .
Saccadic eye movements as a means to explore perceptual biases
Saccades can be broadly classified as being either exogenous or endogenous with specific cortical regions modulating different aspects of saccadic behavior (Amiez & Petrides, 2009; Bindemann, Scheepers, & Burton, 2009; Findlay, 2009; Gaymard et al., 1998; Henderson, 2003; Johnston & Everling, 2008; Krauzlis, 2005; McDowell, Dyckman, Austin, & Clementz, 2008; Müri & Nyffeler, 2008; Paus, 1996; Paus, Petrides, Evans, & Meyer, 1993; Schiller & Tehovnik, 2005) . Exogenous or reflexive saccades are generated as a reaction to the sudden appearance of an object, animal or person in the visual field. They are thought to be modulated predominantly by lateral geniculate inputs to visual cortex and the parietal eye fields with outputs to the brainstem ocular-motor system via the superior colliculi. Endogenous or goal-directed (volitional) saccades are generated when individuals actively explore their visual environment. They are thought to be modulated predominantly through temporal, occipital and parietal inputs to either the lateral frontal eye fields or medial frontal regions that include the supplementary and cingulate eye fields with direct outputs to the brainstem ocular-motor system that bypass the superior colliculi. Thus, endogenous as compared to exogenous (reflexive) saccades are more likely to be conditioned by cognitive, attentional or perceptual imperatives (Findlay, 2009 ). In addition, some saccades may be induced by both exogenous and endogenous initiators. When this occurs, the respective motor outputs are thought to undergo competitive integration by the superior colliculus prior to saccadic initiation (Godijn & Theeuwes, 2002; Meeter, Van der Stigchel, & Theeuwes, 2010; Trappenberg, Dorris, Munoz, & Klein, 2001) .
In our previous studies (Prodan et al., 2001 (Prodan et al., , 2007 , the facial expression stimuli were presented tachistoscopically for $150 ms, i.e. enough time to initiate a saccadic reaction but not enough time for a saccadic eye movement to be completed. This was done to ensure that the image would be presented exclusively to the RVF/left hemisphere or LVF/right hemisphere for perceptual processing. However, the studies did not evaluate saccadic behavior as a means to identify if there might be cognitive preattunements associated with the perceptual biases. For example, when subjects are given no attentional instructions, is their perceptual bias to the lower hemiface associated with the initial saccade being directed to the lower face? In contrast, when subjects are given instructions to attend to the upper face, is their perceptual bias to the upper hemiface for LVF presentations associated with the initial saccade being directed to the upper face, whereas for RVF presentations did their initial saccade remain directed to the lower face? Fig. 1 . Perceptual results when young adult subjects (20-61 years of age; black data points from Prodan et al. (2001) ) and elderly adult subjects (65-78 years of age; light gray data points from Prodan et al. (2007) ) are tachistoscopically presented with facial blends of emotion to their right and left visual fields (RVF, LVF) under no attentional instructions compared with instructions to attend to the upper face. The statistical relations were very robust with most effect sizes explaining more than 50% of the data variance (Ross et al., 2007a) . Variance hats represent SEMs.
Study aims
The aim of the current study is twofold 1) to determine if the perceptual biases related to attentional factors from our previous study in young adults ( Fig. 1 ; Prodan et al., 2001) , could be explained by alterations in initial saccadic behavior and 2) to determine if there are underlying cognitive or pre-attunement saccadic biases related to the type of facial stimuli used.
Material and methods

Participants
Ten subjects, 5 males (age range: 18-27 years old) and 5 females (age range: 19-33 years old) participated in this study. All were strongly right-handed by self-report and questioning based on the Edinburgh Inventory (Oldfield, 1971) and denied pre-existing visual or neurological conditions. Participants were recruited from OUHSC campus and included medical, graduate and college students and junior staff members. All participants had 20/20 vision or their vision was corrected to 20/20 by contact lenses. Participants were tested after obtaining Informed Consent under the aegis of the OUHSC Institutional Review Board.
Experimental procedure
Although the experimental methods developed for this study were based on our previous studies (Prodan et al., 2001 (Prodan et al., , 2007 , the procedures were altered somewhat because the current experiment was focused on saccadic behavior rather than emotion perception.
Subjects were seated in a height-adjustable chair approximately 100 in. in front of a 60-in. projector screen with a 4:3 height-width aspect ratio. Each subject's eye-level was adjusted to be at approximately at the height of the center of the screen. An adjustable headrest was used to reduce spurious movement and associated artifacts when collecting eye-movement data.
All stimuli were scaled to subtend 7.5°of the horizontal visual field and 10°of the vertical visual field in accordance with the ASL-VGA scaling method (ASL, 2001) , and were displayed for a duration of 167 ms (refresh rate of 60 Hz) at 10°from center of the screen to either the right or left visual fields. The fixation region was represented by a yellow dot displayed in the middle of the screen. Presentations were triggered when the subject's calculated point of gaze accumulated 50 consecutive or total hits with in the fixation region. The lighting level and image contrast were reduced for all stimuli to prevent undue pupillary constriction, which interferes with the ability of the camera to track eye movements, and to avoid retinal after-images (also see Section 4.4 regarding afterimages and perceptual biasing).
Four different sets of facial stimuli were presented tachistoscopically under four different conditions of attention using a two bock/sub-block design ( Fig. 2 ; Table 1 ). Within each block/ sub-block the stimuli were presented randomly to the RVF and LVF. The four sets of facial stimuli were derived from line drawings of six full facial expressions that included neutral, happy, sad, angry, surprise and fear on a black background (Faigin, 1990; Prodan et al., 2001) . The 'Full' set of 6 stimuli was comprised of the selected emotion presented on both upper and lower face. To explore whether saccades were predominantly induced by exogenous factors versus a mixture of exogenous-endogenous factors, a new stimulus set was included in which the Full facial stimuli were inverted ('Inverted-Full') because past research has suggested that inverted faces are treated more like landscape objects rather than faces (Leonards & Scott-Samuel, 2005) . The 'Hemi' set of stimuli depicted a neutral expression on either the upper or lower face coupled with an emotional expression on the contrahorizontal hemiface for a total of 20 stimuli presented to each visual field; Fig. 2 ). The 'Blend' set of stimuli depicted a true facial blend with a different emotion on the upper and lower face for a total of 20 stimuli presented to each visual field (Fig. 2) .
Four attentional conditions were used to initiate saccades by asking the subjects to 1) look at the stimulus when flashed: 'Look' condition, a predominantly exogenous saccade since the exact stimulus location was not cued (see below), 2) look at the stimulus when flashed and attempted to identify the presented emotion without responding: 'Look-Identify' condition, an exogenousendogenous saccade conditioned by feature-based attention (Findlay, 2009 ), 3) look at the stimulus when flashed but attend to the upper face: 'Look-Up' condition, an exogenous-endogenous saccade conditioned by location-based attention (Findlay, 2009 ) and 4) look at the stimulus when flashed but attend to the upper face and attempt to identify the presented emotion without responding: 'Look-Up-Identify' condition, an exogenousendogenous saccade conditioned by both location-based and feature-based attention. The presentation blocks/sub-blocks, stimuli and attentional conditions are outlined in Table 1 .
Although our original methods (Prodan et al., 2001 (Prodan et al., , 2007 did not instruct subjects to look at the stimuli, we noted in our preliminary research that some individuals did not reliably initiate a saccadic response when a stimulus was flashed on the screen. To help ensure that subjects made saccadic eye movements, the 'Look' attend-condition was added to the experimental design. Thus, the saccades produced by the 'Look' attendcondition may not be, by definition, strictly exogenous due to a small location-based endogenous attentional component (Findlay, 2009) . Finally, instead of having the subjects actually identify the emotional expression using a forced 6 choice paradigm (see Prodan et al., 2001 Prodan et al., , 2007 , which would have markedly prolonged and complicated testing, we decided to instruct the subjects to try to identify the emotion but make no response ('Identify' attend-condition).
The stimulus presentations and recording of saccadic metrics were accomplished using ASL (Version 6) software that controlled a Sanyo WXGA projector (60 Hz refresh rate) and stored eye movement data acquired from an ASL 5000-Series Pan/Tilt Optics (120 Hz) eye tracker. Before each of the two experimental blocks, a 9-point gaze-position calibration was performed by the eye tracker. During each experimental block, eye gaze position was indicated on a computer monitor and a crosshair was superimposed on each stimulus item indicating eye position. Between blocks, participants were given a rest period of approximately 5 min following which the chair, head rest and stand holding the eye tracker were readjusted and the eye tracker recalibrated.
Saccade analysis
Saccades were extracted from the continuous recording of eye movements by the ASL 5000 using customized software written in MATLAB, restricted to a 500-ms window beginning immediately after removal of the fixation dot and simultaneous presentation of the stimulus. From these data, time of onset, duration, and terminal eye position were determined for each saccade. Saccades were identified using a combination of jerk and a velocity threshold of approximately 30°per second as indicators (Van Beers, 2007; Wyatt, 1998) . Using jerk, relative maxima were identified, indicating large changes in acceleration (Wyatt, 1998) . To achieve a smoother functional analysis, cubic spline interpolation was performed on the acceleration signal, allowing estimation of intersample positions based on the saccade trajectory of adjacent points and yielding a time resolution of approximately 1 ms.
Criteria for trial exclusion included lack of saccade, presence of blinks, inadequate fixation, off-screen end points, or a saccade onset time of less than 70 ms or greater than 300 ms. 945 of 2760 (34.2%; %95 trials per subject) trials were excluded using a selection algorithm in MATLAB followed by manual verification. The high rejection rate, similar to those reported by Stelmach, Campsall, and Herdman (1997) in their extensive study of the relationship of attentional factors and saccades, most likely reflects our stringent exclusion criteria that combined non-saccadic errors, i.e. lack of a saccade or presence of a blink, and behaviors suggesting that the saccade was not directly related to the stimulus presentation, i.e. inadequate fixation, saccadic delays that were either too short or too long, and a saccade end point that was off-screen. Also, there may have been attentional factors to explain differences in rejection rates between Block 1 (40%) and Block 2 (28%), an issue that will be addressed in Section 3.1 below).
The ASL X-Y coordinates were recorded with the center of the screen equal to point {0, 0}, the upper left corner to {À130, +120}, and the lower right corner to {+130, À120}. Thus, a Ycoordinate of zero also indicated the location of the horizontal visual axis for all stimuli. To account for the non-square 'pixel size' used by the ASL camera when converting ASL coordinates to image-based pixel coordinates, the pixel-ASL ratio was determined independently for each dimension. The ratios were computed by mapping the 9 ALS calibration points (Section 2.2) to pixel points in the corresponding calibration image.
The geometric center/center of mass for the facial stimuli was determined by using the plum-line method for 2-dimensional objects (Kleppner & Kolenkow, 1973) and confirmed by calculating a weighted average based on the digitized outline of the neutral facial stimuli in MATLAB.
Statistical analyses
The data underwent statistical analysis using SPSS 19.0 (SPSS, Inc.) for both parametric and non-parametric data. The 3-way Log-Linear analysis (G 2 ), a non-parametric, multivariate, statistical assessment for more than two categorical variables (Fienberg & Rinaldo, 2007) , was accomplished using Vassar Stats (http:// www.vassarstats.net/). For both parametric and non-parametric statistics, strength-of-association effect sizes were determined to indicate how much of the data variance was explained by the independent variables, i.e. a measure of the magnitude of the effect (Cohen, 1992; Ellis, 2010; Kirk, 1996; Rosenthal & Rosnow, 1991) . For MANOVAs, either the eta-square (g 2 ) or, when appropriate, R 2 and R 2 -adjusted were used. The R 2 -adjusted statistic takes into account the degrees of freedom and is a more conservative statistic than R 2 or g 2 . For Chi-square statistics, the Cramer's V 2 was calculated using the following formula:
, where N is the total of all integers contained in the contingency table and k is the smallest number of cells comprising either the row or column of the contingency table (Cramér, 1999) . Strength-of-association effect sizes range from 0 or no association to 1 or complete association. Multiplying the resultant g 2 , R 2 , R 2 -adjusted or V 2 by 100 yields, in percent, an approximation of how much of the data variance is explained by the experimental variables. Because the statistical analyses involved large numbers of data points, which exponentially increases statistical power and the relative ease of finding significant p-values that may or may not be behaviorally relevant (Cohen, 1992; Ellis, 2010; Freeman, 1993; Kirk, 1996) , alpha was set at 0.01 (two-tail). In addition, to determine whether the results were behaviorally relevant, we required the strength-of-association effect size to be at least 0.05, thus explaining approximately 5% or more of the data variance. For behavioral research, strength-of-association values between 0.01 and 0.09 are considered small or trivial, values between 0.10 and 0.25 are considered medium, values between 0.25 and 0.49 are considered large and values greater than 0.49 are considered very large and, behaviorally, very robust (Cohen, 1992; Ellis, 2010; Rosenthal, 1996) .
Results
Fatigue
The number of accepted versus rejected saccades across Blocks (Table 2) by visual field was assessed using an omnibus 3-way Log-Linear analysis to explore whether fatigue was an experimental conditioning factor. Because the result was highly significant [G 2 (4) = 59.6; p < 0.0001; Table 2 ). Thus, the data for visual fields was collapsed and the combined visual field data underwent a v 2 analysis comparing Blocks. The statistical results were highly significant [v 2 (1) = 49.9; p < 1eÀ99; V = 0.13; V 2 = 0.018], indicating that there were less rejected saccades for Block 2 (28%) compared to Block 1 (40%; see Table 2 ). In addition, within each Block there were no statistically significant differences in rejection rates among the Stimulus Sets (see Table 1 These results indicate that fatigue was not an experimental conditioning factor. Most likely, the difference in rejection rates between Blocks relates to attentional factors (Stelmach et al., 1997) . Block 1 required the subjects to just ''Look" at the stimuli, a rather weak attentional instruction, that could explain the rather high rejection rate of 40%. In contrast, Block 2 required the subjects to ''Look" and also ''Identify" the depicted facial expression, a much stronger attentional instruction, that could explain the lower rejection rate of 28%. means ranging from 296.4 to 322.2]. These findings suggest that the Full and Inverted-Full facial expressions are treated by the saccade system as equivalent visual objects with similar default perceptual pre-attunements. However, neither the Full or FullInverted saccades were directed to the exact geometric center of the stimuli (Table 3 ; Fig. 3 ). For both stimulus sets, the horizontal saccadic component (Terminal |X|) was directed to an area more lateral than the geometric center that was aligned vertically with the inner portion of the lateral eye and the vertical saccadic component (Terminal Y) was directed along the horizontal visual axis which for the Full (upright) stimuli was slightly below the geometric center and for the Full-Inverted stimuli was slightly above the geometric center. The above described subtle deviations from the actual geometric center could represent a small location-based endogenous component (Findlay, 2009 ) to the saccade that was induced by the Look attentional condition instructions.
Characterization of saccades by visual field across stimulus sets and attend conditions
To explore whether there were significant differences between visual field performance by stimulus condition across the (noninverted) facial stimuli sets, the data underwent a (2 Â 8) Â 4 MANOVA with Visual Field (2) by Stimulus Set and Attentional Condition (8) serving as independent variables (see Table 1 it did not meet criteria as a behaviorally relevant effect (see Statistical Analysis, Section 2.4, for explanation). Thus, the results for right and left Visual field were collapsed and the data underwent an 8 Â 4 omnibus MANOVA with Stimulus Set and Attentional condition serving as the 8 independent variables (see Table 1 
Post hoc analysis of Onset time results
The post hoc analysis of saccade Onset time is displayed in Table 4 . The longest Onset time was for the Full stimulus-set under the Look attend-condition (188 ms). Using the Full by Look 
Post hoc analysis of Terminal Y results
The post hoc analysis of saccade Terminal Y is displayed in Table 5 and Fig. 4 . For the Look attentional condition, the saccades had a minimal downward bias for the Full, Hemi and Blend stimulus sets (see Cluster A, Table 5 ) that was directed to a point midway between the bridge and tip of the nose, which is approximately the vertical-center of the image (Fig. 4; green-hued boxes) . When the subjects were asked to attempt to identify the facial emotion (Look-Identify attentional condition; see Cluster B, Table 5 ), all three stimulus-sets (Full, Hemi, Blend) showed a significant downward shift of the saccadic movement to the lower face that was directed towards the tip of the nose (Fig. 4 ; blue-hued boxes), Note that the y location of the geometric center for the Full upright stimuli is just above the horizontal visual axis dividing the upper and lower visual fields (horizontal black line equal to the {0} pixel y-coordinate), whereas the location of the geometric center for the Full-Inverted stimuli is just below the horizontal visual axis. The vertical saccadic component for both stimulus sets straddled the horizontal visual axis, whereas the horizontal saccadic component was directed to an area more lateral than the geometric center that was aligned vertically with the inner portion of the lateral eye (black rectangle). For each rectangle, the vertical span indicates the 95% confidence interval for the Terminal Y mean and the horizontal span indicates the 95% confidence interval for the Terminal |X| mean.
Table 4
Post hoc analysis of saccade Onset time (ms; mean ± SD) by Stimulus Set and Attend Condition. suggesting a subconscious perceptual pre-attunement bias towards the lower face. This bias, however, could be overcome by asking the subjects to attend to the upper face (Look-Up attentional conditions; see Cluster C, Table 5 ). For the Blend by Look-Up condition, the saccades were most biased to the upper face and were directed to a point just above the bridge of the nose ( Fig. 4 ; red box). For the Blend by Look-Up-Identify attentional condition the saccades were less biased to the upper face and were directed to the bridge of the nose ( Fig. 4 ; orange box). These observed changes in Terminal Y, as opposed to saccade Onset time, are quite robust based on the MANOVA effect size of R 2 adj. = 0.35 (see Section 3.3 above) and indicate that altering the attentional condition causes behaviorally significant pre-attunement changes in saccadic Terminal Y.
Discussion
The results of this study substantiate the concept that initial saccadic behavior may be useful in revealing underlying cognitive pre-attunements that are related to attentional conditions and perceptual imperatives (Bindemann et al., 2009; Findlay, 2009; Henderson, 2003) . However, not all of our perceptual results from past studies were completely explained, thus suggesting other factor(s) may be in play.
Default experimental saccadic response
We would argue that the saccades induced by the Full (upright) stimuli under the Look attentional condition represent our experimental default saccades for the following reasons. The saccadic characteristics for the Full and Full-Inverted stimulus sets were not statistically different (see Section 3.2). In addition, for the Look attend-condition, the Full stimulus-set showed the longest saccadic Onset time compared to all other upright stimulus-set and attend-condition combinations (see Sections 3.3 and 3.3.1). However, the saccades were not directed to the geometric center of the stimuli (Fig. 2) but to an area more lateral than expected and also slightly below for the upright stimuli and slightly above for the inverted stimuli, which could be interpreted as not representing a truly exogenous saccade. Exogenous saccades, in general, are directed to the geometric center of the stimulus (Findlay, 2009; Findlay & Gilchrist, 1997) , even if the center lies outside the actual stimulus due to the object's geometric eccentricity (Vishwanath & Kowler, 2003) . For full frontal faces, the geometric center usually lies between the eyes below the bridge of the nose (see Fig. 2 ; Bindemann et al., 2009 ). Perhaps, this lateral bias represents an attentional endogenous component to the otherwise exogenous saccadic response (Findlay, 2009; Meeter et al., 2010) induced by the 'Look' attend-instruction, which was used to ensure that subjects made saccadic responses (see Section 2.2, end of third paragraph). By instructing subjects to look at the stimuli, which they knew would be presented to either the right or left of the visual fixation point, the lateral (Terminal |X|) saccadic component may have been enhanced. This lateral horizontal saccadic bias was also present for all the upright stimulus-set by attend-condition combinations. Although a significant main effect for Visual Field was found for Terminal |X| [p = 7eÀ10, g 2 = 0.02] and for attend-condition [p = 4eÀ6, R 2 = 0.021, R 2 adj. = 0.017], the differences were deemed not behaviorally relevant because the effect sizes were trivial, explaining less than 2% of the data variance (Sections 2.4 and 3.3). Thus, one can conclude that the magnitude of the lateral horizontal saccadic bias in relation to the geometric center of the facial images was similar for all stimulus-sets by attend-condition combinations since every attend-condition always contained a 'Look' instruction (see Table 1 ). In comparison, the vertical saccadic component (Terminal Y) was robustly altered by different attentional conditions, explaining approximately 32% of the data variance (Section 3.3 and 3.3.2; Table 5 ). Terminal |X| coordinates, which for all stimuli sets and attentional conditions were directed to an area lateral to the geometric center that was aligned vertically with the inner portion of the lateral eye (see Fig. 3 ). The black line represents the horizontal visual axis dividing the upper and lower visual fields. Color clustering (hues) indicate statistical relationships. For the Look attentional condition (green hues), the Terminal Y saccades were directed along a horizontal line that was located midway between the bridge and tip of the nose. For the Identify attentional conditions (blue hues), the saccades were directed along a horizontal line near the tip of the nose. For the Blend Look-Up attentional condition (red color), the saccades were directed along a horizontal line that was located just above the bridge of the nose. For the Blend Look-Up-Identify attentional condition (orange color), the saccades were directed along a horizontal line that was located at the bridge of the nose. The vertical span of each box indicates the 95% confidence interval for the mean (see Table 5 ). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
Saccade Onset time differences
The most interesting finding was that saccadic onset time was shortened on average by 15 ms for the Hemi and Blend stimuli compared to the Full stimuli for the 'Look' attend-condition (Section 3.3.1; Table 4 , Cluster A), which we argued was predominantly an exogenous saccade (see Section 3.2). This result is surprising because one would have predicted that all three stimulus-sets would produce similar saccadic onset times. A possible explanation is that the Hemi and Blend facial stimuli represent non-canonical facial expressions and, therefore, evoked a partial, feature-based, pre-attunement (Findlay, 2009) to the saccadic response. It should be noted that in our previous studies (Prodan et al., 2001 (Prodan et al., , 2007 , including the current one, most subjects did not consciously appreciate that the majority of facial expressions presented to them were non-canonical, even when questioned directly about the expression being different on the upper versus lower face after testing was completed. However, the subjects were often aware that the stimuli were ''. . .not quite right."
With the addition of requesting subjects to try to identify the facial emotion (Look-Identify condition; ''feature-based attention", Findlay, 2009) , the saccadic onset time for all three stimulus-sets (Full, Hemi and Blend) was shortened by approximately 19 ms. This finding is in keeping with past publications showing that adding a feature-based attentional pre-condition will shorten saccadic reaction times (Findlay, 2009; Motter & Belky, 1998) . However, when the Blend stimuli were coupled with the request to attend to the upper face (Look-Up and Look-Up-Identify conditions; ''location-based attention", Findlay, 2009 ) no change in saccade Onset time was observed compared to the Look condition (see Table 4 ). This result was unexpected since past research has shown that adding a location-based attentional pre-condition should shorten saccadic reaction times (Findlay, 2009; Kowler, Anderson, Dosher, & Blaser, 1995) . The reason why this did not occur is not obvious since adding a feature-based attentional precondition (Look-Identify condition) shorten saccadic reaction times by approximately 19 ms (see above).
Saccade Terminal Y differences and hemispheric lateralization
The results for saccade Terminal Y in comparison to saccade Onset time were quite robust and have direct implications regarding the perceptual performance observed in our initial research exploring how facial blends of emotion are processed by the RVF/ left hemisphere and LVF/right hemisphere under different attentional conditions (Prodan et al., 2001 ; see Fig. 1 ). When subjects were asked to try to identify the emotion (Look-Identify attentional condition) the Terminal Y for all three stimulus sets (Full, Hemi, Blend) was biased towards the lower face compared to the Look attentional condition (see Table 5 and Fig. 4) , a finding consistent with a recent publication by Scheller, Büchel, and Gamer (2012) showing that initial saccades are directed towards the lower face when subjects are shown full facial expressions tachistoscopically and asked to identify the presented emotion. Thus, there appears to be a learned saccadic pre-attunement that is consistent with the observation that under no attentional instructions subjects are perceptually biased to identifying the lower facial emotion when presented with facial blends to either visual field (see Fig. 1 ). In previous papers (Prodan et al., 2001 (Prodan et al., , 2007 Ross et al., 2007a , we have suggested that this perceptual bias to the lower face is related to the left hemisphere's default role in the conscious ''foreground" processing of perceptual information (Dimond, Farrington, & Johnson, 1976; Hilliard, 1973; Schiff & Truchon, 1993) and its dominant role in 1) modulating social emotions and related display rules, especially the ''false", predominantly lower-facial, smile that enables approach behaviors and helps ensure pleasant social interactions (Buck & Duffy, 1980; Ekman, 2003; Ross et al., 1994) and also the universal social constraint of avoiding direct eye contact unless there is mutual affiliation (Ellsworth, Carlsmith, & Henson, 1972; Kleinke, 1986) and 2) processing lower facial movements as an aid to speech comprehension (Dodd, 1980; Massaro, 1998; McGurk & MacDonald, 1976; Skipper, Nusbaum, & Small, 2005) .
Recent research using transcranial magnetic stimulation has demonstrated that disruption of the left superior temporal sulcus (STS) impairs the McGurk-MacDonald effect (Beauchamp, Nath, & Pasalar, 2010) . This is an interesting location since the superior temporal sulci have been associated with higher order visual processing of gaze, lip movement and facial expressions based on fMRI (Haxby, Hoffman, & Gobbini, 2000) and magnetoencephalography (Streit et al., 1999) studies. If the left STS is responsible for modulating the saccadic attentional bias to the lower face, it most likely does so through the left frontal eye field rather than the supplementary or cingulate eye fields because the STS and frontal eye field lie within the peri-Sylvian language-related cortices (Ross, 2010) .
In contrast to the left hemisphere, the right hemisphere appears to function more as a subconscious ''background" processor of perceptual information (Dimond et al., 1976; Hilliard, 1973; Prodan et al., 2001; Schiff & Truchon, 1993) . To bring out the right hemisphere's role in perception, it may be necessary to alter how sensory stimuli are presented (Dimond et al., 1976) or to change attentional conditions (Prodan et al., 2001; . Previous lesion and functional magnetoencephalography studies have established that the right anterior-mesial inferior calcarine cortex plays a dominant and lateralized role in the perception of emotional facial expressions (Adolphs, Damasio, Tranel, & Damasio, 1996; Streit et al., 1999) . Thus, by asking subjects to attend to the upper face, they became robustly less biased to the lower facial emotion and more biased to the upper facial emotion when presented with facial blends in either visual field. However, the change was most dramatic for the LVF, indicating a predominant right hemisphere/LVF effect (see Fig. 1 ; Prodan et al., 2001; ).
When our current subjects were asked to attend to the upper face (Look-Up attentional condition) for the Blend stimulus set, the saccadic Terminal Y became biased towards the upper face compared to the Look attentional condition for both visual fields combined [50.3 ± 37.4 versus À9.3 ± 34.5 pixels; see Table 5 and Fig. 4 ], a finding that is consistent with the perceptual change of being less biased to the lower face for both visual fields (see Fig. 1 ). However, since the saccadic Terminal Y bias was not statistically or behaviorally different for either visual field [LVF = 46.7 ± 30.6 pixels; RVF = 53.2 ± 41.9 pixels; t (228) = 1.3; p = 0.19; r 2 = 0.008], the findings do not fully explain why the perceptual effect was greatest for the LVF. When our subjects were asked to attend to the upper face and try to identify the emotion (Look-Up-Identify attentional condition) for the Blend stimulus set, the saccadic Terminal Y was still biased to the upper face for both visual fields [30.6 ± 38.0 versus À9.3 ± 34.5 pixels], but less so when compared to the Look-Up attentional condition [30.6 versus 50.3 pixels] (see Table 5 and Fig. 4 ], a finding that is again consistent with the perceptual observation of being less biased to the lower face for both visual fields (see Fig. 1 ). The finding that Terminal Y for both visual fields was statistically less biased to the upper face compared to the Look-Up attend is interesting. It may be explained by the additional request of asking subjects to try to identify the emotion, which induces a lower facial cognitive bias, similar to the Look-Identify attentional condition (see Table 5 and Fig. 4 not fully explain why the perceptual bias to the upper face was greatest for the LVF compared to the RVF when subjects were asked to attend to the upper face (Prodan et al., 2001 ; see Fig. 1 ), an issue that will be addressed in the following section. In contrast to controls, patients with congenital or acquired lesions of the amygdala (Adolphs et al., 2005; Gamer, Schmitz, Tittgemeyer, & Schilbach, 2013; Kennedy & Adolphs, 2010; Spezio, Huang, Castelli, & Adolphs, 2007) have marked difficulty in directing their gaze to the upper face (eye region) that is most prominent for their initial saccades. This finding appears to occur for all types of full facial expressions, not just fear expressions. Thus, when we asked our subjects to attend to the upper face, which altered their saccadic pre-attunement from the lower to the upper face, this attentional imperative may have been modulated by the cingulate rather than the lateral or supplementary motor eye fields because in non-human primates, and presumably humans, the anterior cingulate region receives fairly substantial amygdala input in contrast to the sparse amygdala input to the dorso-lateral motor cortex and supplementary motor area (Amaral & Price, 1984; Morecraft et al., 2007; Porrino, Crane, & Goldman-Rakic, 1981) .
Tachistoscopic presentations, perceptual bias and the phenomena of virtual scanning
If the Terminal Y saccadic pre-attunement data does not fully explain the LVF-RVF perceptual differences found previously (Prodan et al., 2001) , then a reasonable question to ask is whether there might be another factor at play. In a series of publications, Efron, Yund, and Nichols (1987) and Yund, Efron, and Nichols (1990a , 1990b , 1990c ) explored the mechanism of perceptual biasing when using tachistoscopic presentations of visual stimuli under various attend and task conditions. They concluded, based on extraordinarily robust results and a series of prior publications (Heron, 1957; Mishkin & Forgays, 1952; Orbach, 1953; summarized in Efron, 1990, pp. 56-102) , that right-left and also upperlower visual field perceptual effects may, at times, be better explained by the existence of a virtual, post-stimulus, visual-scan of the image that is not associated with saccadic eye movements and decays rapidly over time. Thus, in addition to the rather symmetric saccadic Terminal Y pre-attunements to the upper face when subjects are presented with facial Blends under the LookUp and Look-Up-Identify attentional conditions, there may also be an asymmetric visual-scan bias to the upper face that is stronger when Blend stimuli are presented to the left compared to the right visual field. Future research evaluating elderly subjects (>65 years old) could possibly sort out the potential contribution of Terminal Y and visual-scan biases because elderly subjects compared to young adults have a greatly muted perceptual capacity to perceive upper facial emotions of facial blends when asked to the attend to the upper face that is the same for both visual fields (see Fig. 1 gray data points; Prodan et al., 2007) . For example, if elderly subjects are found to be able to bias the Terminal Y component of their saccades to the upper face to the same extent as young adults, then one could argue that their inability to perceive upper facial emotions is most likely related to age-related changes in their visualscan capabilities.
Conclusion
The results of our study support the concept that characterizing saccadic behavior may be useful in gaining insight into possible cognitive and attentional pre-attunements and imperatives (Bindemann et al., 2009; Findlay, 2009; Henderson, 2003) that may bias perceptual judgments when facial expressions are presented tachistoscopically under different stimulus and attentional conditions (Prodan et al., 2001 (Prodan et al., , 2007 . However, as discussed in Section 4.4, not all findings related to saccadic behaviors explain completely all perceptual results, perhaps due to the additive phenomenon of post-stimulus virtual scanning. Teasing out the relative contributions of saccadic preattunements and virtual scanning to perceptual biases will require further research.
